. Whole mount in situ hybridization data from embryonic day 8.5 to day 15 revealed that Mab21l2 expression patterns partially overlapped with that of Mab21l1. In addition, its strong expression in the mid-and hindbrain, otic vesicle, optic vesicle, maxillary and mandibular process, paraxial mesoderm, dorsal midline, limb bud and developing digits suggest that Mab21l2 has more diverse functions in vertebrate development. q
Results

Central nervous system
Mab21l2 expression was ®rst observed at the anterior neural folds in day E8.5 unturned embryos (Fig. 1B) . Expression extended to the cephalic neural folds overlying future midbrain region in day E8.5 turned embryos (Fig. 1C) . By days E9 and E10 when the three primitive brain vesicles had already formed, Mab21l2 expression extended caudally towards the hindbrain vesicle. At day E11, expression was concentrated at the neuroepithelium overlying the mesencephalic vesicle (Fig. 4A ). while expression was also noted partially at these similar tissues overlying the fourth ventricle, prominent expression was particularly seen at the caudal extremity of that region (Fig. 4A ). In addition to these brain vesicles, dorsal lateral expression at the neuroepithelium of neural tubes at corresponding stages was also observed (Fig. 4B ). Expression persisted in these tissues through days E12 and E13. From day E14 onwards, a decline of expression was observed in parallel with the ventral¯attening of brain bulges indicative of the near completion of brain development. Residual expression could be detected from day E15 to E15.5, but ceased by day E16 with the completion of hindbrain development (data not shown).
Branchial arches
Weak expression was ®rst seen in day E8.5 turned embryos (Fig. 1C) mostly localized in the branchial arches while the hyoid arch showed only a minimal signal (Fig.  1D ). Prominent expression in these arches followed through days E9±E10 when craniofacial differentiation proceeded with the maxillary component incorporating into the developing facial tissue and the mandibular component differentiating into the lower jaw (Fig. 1E) . Fusion of the branchial arches was visualized by the deep staining of the cranial parts in days E11 and E12 embryos (Figs. 1F, G and 4A) . By day E13, development of the facial portion had completed and non-Mab21l2-expressing precursors of vibrissae arranged in parallel rows were found around the mouth (Fig. lH) . Expression faded out in day E14 embryos leaving behind weak staining in the upper jaw, lower jaw and tongue (Fig. 1I) . Staining completely subsided after day E15 (data not shown).
Optic and otic tissues
Staining in the optic eminence was ®rst observed in day E8.5 turned embryos (Fig. 1C) . As optic evagination contin- www.elsevier.com/locate/modo ued, staining was localized around the inner (neural) layer of the optic cup, which eventually makes up the neural retina (Fig. 1E ). This pattern stayed on through days E11 and E12 as Mab21l2 expression remained detected in this layer which had substantially thickened (Figs. 1F, G and 4D) . Expression subsided on day E13 accompanying the incorporation of differentiated cells into the retinal region. Minimal staining was detected in E14 embryos following the completion of eye development.
No staining of the otic apparatus was seen in days E8.5 and E9 embryos. Staining of the otic vesicle ®rst appeared on day E10 as an indented patch (Fig. 1E ). In day E11 embryos, staining around the elongated and irregularly shaped otic vesicle was prominent (Fig. 1F ). Signal stayed on until day E12 when the otic vesicle increased in volume (Fig. 1G) . Expression was only restricted to the anterior portion of the pinna at day E13 when external ear was completely formed (Fig. 1H) . Expression ceased by day E14.
Somites and skeletal tissue
Weak expression of Mab21l2 emerged at late day E9 as differentiation of somites was initiated. Expression was visualized as blocks of mesodermal tissue along the anterior-posterior axis. Staining in these blocks of tissues became progressively pronounced from day E10 onward (Fig. 2A,B) as somites differentiate into axial structures. Fig. 1 . Expression pattern of Mab21l2. Strong cephalic expression of Mab21l2 was detected at the mid-hindbrain region, branchial arches, optic and otic tissues from E8.5 through E13 (B±I). Somites are marked with black arrowheads. E8.5C was an E8.5 embryo hybridized with sense probe. The rest were hybridized with antisense probes. (Key: AN, anterior neural folds; BA, branchial arches; C, control; FL, forelimb bud; FP, foot plate; IL, inner layer of optic cup (white arrows); HA, hyoid arch; HB, hindbrain; HL, hindlimb bud; HP, hand plate; LE, lens; LJ, lower jaw; LP, lens pit; LV, lens vesicle; MB, midbrain; MN, mandibular component of the ®rst branchial arch; MX, maxillary component of the ®rst branchial arch; NF, cephalic neural fold; OF, optic eminence; OT, otic vesicle; OV, optic vesicle; P1, pinna; SO, somites; T, turned; TV, thoracic vertebrae; UC, umbilical cord; UJ, upper jaw; UT, unturned; VB, vibrissae). Scale bars, 0.3 mm (B); 0.5 mm (A,C±F); l mm (C±I). Fig. 2 . Mab21l2 expression was detected at the dorsal midline (arrow), early and differentiating somites (arrowheads), limb buds and digits from El0 to E12 embryos. (Key: FL, forelimb bud; DM, dorsal midline; SO, somites; TV, thoracic vertebrae). Scale bars, 0.5 mm (A,B); 1 mm (C±E).
In both days E10 and E11 embryos, staining was consistently observed at the dermamyotome of the somites (Fig.  4B,C) . Expression peaked at day E12 as segmented patches, and weak expression was found later at the thoracic vertebrae in days E13 and E14 embryos (Fig. 2C±E) . Expression ®nally stopped at day E15 (data not shown). From E9 to E13, high Mab21l2 expression was detected in the dorsal midline marking the residence of neural crest cells (Fig. 2A±  C) .
Limb buds and developing digits
The forelimb buds ®rst appeared between days E9 and E10 and were marked by prominent Mab21l2 staining (Fig.  1D,E) . Mab21l2 signal was detected in the hindlimb bud when it appeared at day E10 (Fig. 3A) . From days E10 to E11, active differentiation of the limb buds into proximal and distal parts occurred. Dynamic change of Mab21l2 expression was observed at the distal parts where handplates and footplates were forming (Fig. 3B) . It was subsequently con®ned to distinct digital interzones at day E12 (Fig.  3C,D) . Expression in these interdigital tissues gradually decreased (Fig. 3E ) and ®nally ceased in day E15 embryos after digit formation was completed (data not shown).
Umbilical cord
High levels of expression was detected from day E8.5 (data not shown) until day E13 (Fig. 1F±H) . Signals ®rst appeared as diffused staining of the tissue and later became more restricted to the outer layer of the cord as marked by the epithelial tissue (Fig. 4C) . The pattern persisted throughout all the detectable stages. From day E14 onwards, no expression was detected (Fig. 1I ).
Dynamics of Mab21l2 expression
Mab21l2 expression pattern revealed in this study only partially overlapped with that of Mab21l1 (Mariani et al., 1998) . While the expression level of Mab21l2 is much higher than that of Mab21l1 in both Northern and in situ analysis (comparative data not shown), it is also expressed in more diverse tissue types of both ectodermal and mesodermal origin. While the Mab21l2 expression pro®le is associated with the tissues affected in patients of Moebius syndrome, the potential link of this gene to human congenital disease will only be uncovered when its biological function in vertebrates is further delineated. 
Methods
Whole mount in situ hybridization
Mouse embryos from embryonic day 7.5 to day 16 were isolated and whole mount in situ hybridization was performed as described by Wilkinson (1992) . DIG-labeled sense and antisense probes covering the 3 H portion of the Mab21l2 cDNA, including part of the ORF and the complete 3 H UTR, were used for speci®c detection of the expression patterns. The probe was con®rmed to hybridize speci®cally with Mab21l2 but not other mab-21-related genes in mouse by Southern and Northern analyses.
Cryostat section preparation
Whole mount stained animals were cryoprotected in 30% sucrose buffer and embedded in OCT (Leica Instruments, Cat. #020108926) prior to sectioning. Sections were cut at 30 mm thickness at 2208C. D.C., Leggo, I., Brando, L.V.J., Kidwai A.S., Loev, S.J., Breschel, T.S., Callahan, C., Simpson, S.G., DePaulo, J.R., McMahon, F.J., Jam, S., Paykel, E.S., Walsh, C. DeLisi, L.E. Crow, T.J., Torrey, E.F., Ashworth, R.G., Macke, J.P., Nathans, I., Ross, C.A., 1996. cDNA cloning of a human homologue of the Caenorhabditis elegans cell fate-determining gene mab-21: expression, chromosomal localization and analysis of a highly polymorphic (CAG)n trinucleotide repeat. Hum. Mol. Genet. 5, 607±616. Wong, R.L.Y., Wong, H.T., Chow, K.L., 1999. Genomic cloning and chromosomal localization of the mouse Mab21l2 locus. Cyto. Cell Genet, in press.
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